ABSTRACT The use of workflows to manage business or administrative process has been increasing since the end of the past century. Administrative workflows proved useful in large companies and public institutions with strict hierarchical organizations. In order to use them adequately in different areas or departments of a hierarchical organization, they must be adapted to their particular conditions while complying with the general regulations of the process established at the top level. Any department of an organization can add activities, can remove them, and can choose concrete users to perform them and to set the data managed in the activities, as long as the adapted process does not fail to comply with the restrictions established at the generic level. This problem, called hierarchical adaptation problem, also implies establishing the appropriate measures to implement when the general regulation is changed. Such measures must maintain the consistency among the different levels by means of the propagation of the changes to all the adapted processes. To solve this problem, this paper presents the hierarchical adaptation method, which is an ontology-based method to define the rules to satisfy by a generic adaptable workflow. Additionally, it establishes the rules to satisfy the adaptations of the specification ontology. Moreover, it provides the operations facilitating both adaptations of administrative workflows and propagations of changes.
I. INTRODUCTION
Administrative processes are a type of business process widely used in public institutions and large companies. These processes are characterized by being governed by laws, regulations or well-defined action rules establishing: (1) the activities to perform; (2) their order; (3) the human resources in charge of them; (4) and their time frame [1] , [2] . Examples of these processes could be a request for material, a leave application, a loan application, a request for consumer arbitration or any other administrative process involving the submission of an application form to be handled by different users at different stages until its resolution.
Workflows are used for automatically managing different types of business processes as administrative processes [3] . Workflows for administrative processes (hereinafter referred to as administrative workflows) have distinctive features that distinguish them from other type of workflows. Administrative workflows usually provide a set of forms to be filled in and submitted through the different activities that compose the process, following a set of rules known by every participant involved. They are workflows for predictable and repetitive processes. Furthermore, they do not usually need to access other information systems or to make complex calculations. However, they must have mechanisms that enable the coordination of the users performing each activity, including the notification of deadlines for completing them [4] - [6] .
Normally, these workflows do not have to manage a considerable number of activities, users or data. Problems arise when the organizations need to use them in their different areas and departments, which means that workflow specifications may be adapted to the particular conditions of each area while complying with the general specification established by the law or regulation ruling the whole process. We have named this problem the Hierarchical Adaptation Problem of administrative processes.
This problem implies, firstly, keeping the consistency of the administrative processes at the different levels of an organization and, secondly, if the law or regulation that rules the generic process is changed, establishing the actions to propagate those changes to the adapted processes of different areas and departments.
This paper presents an approach to solve this problem. In this sense, we propose a method that is based on the specification of administrative workflows by means of ontologies. So, this method establishes the rules that verify the correctness of a workflow specification by ontologies, the rules that must satisfy the ontology of a generic workflow to be considered adaptable to different application cases and the rules that must satisfy any possible adaptation of such ontology. Moreover, it provides the set of operations that allow users to do the adaptations correctly and to propagate changes top down from adaptable workflows to adapted workflows. This approach can be successfully applied in different organizational domains and systems. Prieto et al. [7] present its application in the context of Health Information Systems. This paper is structured as follows. Section II details the Adaptation Hierarchical Problem. Section III describes the Hierarchical Adaptation Method. Section IV shows the software tools developed to support the method. Section V details the validation process of the method and its results. And, finally, section VI identifies and discusses related work.
Moreover, Appendix I presents a comprehensive case study to illustrate the proposed approach.
II. THE HIERARCHICAL ADAPTATION PROBLEM
The Hierarchical Adaptation Problem (hereinafter HAP) may appear when an administrative process should be consequently adapted to the specific characteristics of every application institution, but those modifications should not affect the restrictions defined in the original workflow specification.
Moreover, HAP implies the necessity of a synchronization strategy between the original workflow and all its different versions, i.e. any change in the original workflow should be properly propagated top down to every version.
HAP may appear in public institutions and/or private companies. The European Union (EU) constitutes a clear case of public organization model that fosters HAP appearance. So, when EU defines an administrative process, previously to its application by the member states, it should be adapted to the specific characteristics of every state without any breakage of the original restrictions. Moreover, this problem gets complex in member states lacking a strong centralized public administration. In Spain, for instance, there is a specific law to regulate administrative procedures [8] that states how every regional government can enacts its own laws to adapt an UE-level administrative process. In such situation, as Fig. 1 depicts, a change in the UE-level workflow should be conveniently propagated first to the national level and then to the regional level.
Private companies may also be affected by HAP. In most countries, a central bank may dictate its own rules in concrete processes, such as loan processes, to any financial institution operating inside its jurisdiction. Such rules may constrain loan kinds, interest rates or repayment periods. So, any financial institution, interested in operating on a concrete country, should adapt these generic rules to its own characteristics but always complying with them.
HAP is basically conformed by four interrelated stages, as Fig. 2 presents: 1) Generic (original) workflow specification. In this first stage, a generic workflow is specified following the process defined by the general regulation. The specification language should provide the engineers with the proper features to specify activities, their order and deadlines, their data and who is in charge of them. The specification language should also allow defining adaptation restrictions over any element of the workflow. The final product of this stage is the specification of the generic workflow managing the administrative process. 2) Specification of adaptation restrictions. In this second stage, engineers should indicate which elements must be always present in any possible version of the original workflow by defining adaptation restrictions. The final result of this stage is the specification of the adaptable workflow. 3) Adaptation. Taking as input the adaptable workflow and taking into account the specific features of the adaptation case (context), the adapted workflow is defined. The final product of this stage is a properly adapted workflow. 4) Propagation. This is an optional stage. It should be carried out when the generic workflow is modified. Then it is mandatory to modify conveniently the adaptable workflow. And then all those changes should be propagated top down to every adapted workflow. The final products of this stage are the new version of the adaptable workflow and the new versions of every adapted workflow. In that sense, any approach dealing with HAP should provide the proper methods to tackle the aforementioned 4 stages. It should also provide support to the following activities:
1) The specification of the generic workflow resembling the administrative process, comprising its activities, their order, the roles responsible for them and the necessary data to accomplish them.
2) The specification of the adaptation restrictions for every element of the generic workflow. Those restrictions should cover as much adaptation scenarios as possible.
3) The adaptation process of every adaptable workflow by means of a set of concrete operations according to the adaptation restrictions defined for every case. 4) The synchronization of the adaptable workflow with the generic one and the propagation of any change to every adapted workflow by means of a set of restriction-aware operations.
III. THE HIERARCHICAL ADAPTATION METHOD
The Hierarchical Adaptation Method (hereinafter HAM) is based on the specification of workflows by means of ontologies, whose properties are specially useful to deal with the HAP. Firstly, its completeness, flexibility and accuracy for representing workflows, specifying, not only the activities, but also the participants and the data involved together with the characteristics of adaptation of each of these elements in each workflow. Secondly, it allows splitting workflow specifications into two ontologies. One of the ontologies contains the relevant data of the domain and the users who can participate in the workflow. And the other one contains the properties and the activities of the process, activity order, what type of user from the first ontology can perform the activities and what data and process properties from the first ontology will be managed by every activity. This division will facilitate both the reuse of data and workflow participants from the same domain and the adaptation of workflows to particular cases. Thirdly, ontologies allow a more open notion of adaptation. The designer of the generic workflow will be able to specify the particular adaptation restrictions for every workflow. Lastly, the specification of workflows in ontologies, where each element has a clearly defined purpose, facilitates the development of the propagation operations that are necessary to broadcast any change from the generic workflow to all its adapted workflows. On this basis, HAM provides the methods and operations needed to deal with each of the four stages that constitute the HAP. For the first stage, it provides the ontology OntoMetaWorkflow 1 and a method, based on such ontology, to specify 1 The last version of OntoMetaWorkflow is available on http://uex.be/ weapon administrative workflows in two ontologies, called OntoDD and OntoWF. For the second stage, it defines the set of adaptation restrictions that can be established on a workflow specified in OntoDD and OntoWF ontologies. Moreover, it provides the rules that must be satisfied in order to consider the workflow as an adaptable workflow. A method to set those restrictions in a correct manner is also provided. For the third stage, HAM defines the rules that must be satisfied by a workflow to be considered a properly adapted workflow from an adaptable workflow. Furthermore, it provides the complete set of hierarchical adaptation operations to correctly specify an adapted workflow from an adaptable workflow. Lastly, for the fourth stage, it provides the complete set of hierarchical propagation operations. These operations allow that any change affecting the adaptable workflow, over time, can be hierarchically propagated to its adapted workflows. The relationships between each of the methods and operations proposed in the Hierarchical Adaptation Method and the four stages of the Hierarchical Adaptation Problem are shown in Fig. 3 .
The following subsections describe how to deal with each of the stages of the Hierarchical Adaptation Problem by applying the operations of the Hierarchical Adaptation Method.
A. FIRST STAGE: GENERIC WORKFLOW SPECIFICATION
For the first stage, the approach for representing administrative workflows in ontologies proposed in [9] and restructured in [10] has been updated for the Hierarchical Adaptation Method. Thus, the specification of the generic workflow is made using the OntoMetaWorkflow ontology. This ontology provides the framework to represent administrative workflows defining the common elements of them. Using OntoMetaWorkflow, an ontology engineer must build, in first place, the OntoDD ontology. This ontology will contain the relevant data of a particular domain and the users who could participate in the workflows of that domain. Secondly, the ontology engineer will specify the logic of the administrative workflow in an ontology called OntoWF. OntoWF will contain the particular properties of an administrative VOLUME 7, 2019 workflow together with its activities, the order of execution of such activities, which users, specified in OntoDD, could perform each activity and which properties of the workflow specified in OntoWF and which domain data specified in OntoDD can be shown or modified in an activity. A conceptual schema that summarizes the use of OntoMetaWorkflow, OntoDD and OntoWF is shown in Fig. 4 .
A set of adaptation elements has been added to the previously existing specification (or definition) and execution elements of OntoMetaWorkflow to solve the HAP. These new adaptation elements allow indicating the adaptation restrictions of a workflow. They are used since the second stage and are detailed in the next subsection. The elements of OntoMetaWorkflow used in this first stage are the specification elements. These elements specify the workflow activities, the users who will perform these activities and the data used in the entire process. These elements and how OntoDD and OntoWF ontologies use them are depicted in Fig. 5 . A detailed explanation of these elements and the ontology-based method for specifying administrative workflows is available in [10] .
Moreover, in order to deal with the rest of the stages of the Problem, 24 basic modification operations , shown in Table 1 , has been defined. These operations can be applied on a workflow specified using OntoMetaWorkflow keeping the correctness of the workflow. They allow adding and removing different elements and increasing and reducing time frames of the activities and the entire workflow.
B. SECOND STAGE: ADAPTATION RESTRICTIONS SPECIFICATION
At this stage, the HAM uses the adaptation elements of OntoMetaWorkflow to establish which characteristics are essential in a concrete workflow. These elements allow indicating the adaptation restrictions of a generic workflow that must be satisfied in any possible adaptation of it. Moreover, the correct use of these elements will ensure that the adapted workflows are valid hierarchical adaptations from the generic workflow. Participants) and domain data and properties (Mandatory Data) must always appear in any possible adaptation of an specific workflow.
The second type (Boolean properties) indicates nonmodifiable relationships in the adapted workflows. So, Rigid Before and Rigid After will indicate that the activities located immediately before and after of the activity must be always the same. Rigid Participants will not allow modifying the participants that can perform the activity. Rigid Updatable Data and Rigid Viewable Data will indicate that the domain data and the properties that a participant can select, modify or simply read in the activity cannot be changed in the adapted workflows. And, at last, Rigid Days Time Frame and Rigid Days Before Beginning don't allow modify the time frame and the days before beginning the activity. This means that if an adapted workflow cannot satisfy these restrictions for any activity, it is necessary to remove the involved activities from the adapted workflow.
The last type is also used within the activities, but in this case it does not indicate strict requirements and it does not limit the possibility of adding new elements in the adapted workflows. So, Required Before and Required After indicate which activities must be performed before and after a concrete activity, but not right before or after. And Required Participants indicates which participants, at least, must be available for performing such activity. In the same way, Required Updatable Data and Required Viewable Data indicate which domain data and properties, at least, can be selected, modified or simply read by a participant in the activity. As the second type of elements, if an activity of the adapted workflow cannot satisfy these restrictions, it is necessary to remove this activity from the adapted workflow.
These elements together with the way they are used in OntoDD and OntoWF ontologies are shown in Fig. 6 .
Using these adaptation elements, at this stage of the HAM, the formal definition of adaptable workflow is established. So, an adaptable workflow will be a workflow correctly specified by OntoMetaWorkflow and whose values in the adaptation elements satisfy the next restriction: the workflow exclusively composed by activities, participants, domain data, and process properties indicated in the Mandatory elements must be, by itself, a workflow correctly specified using OntoMetaWorkflow. This definition implies that it is not possible to specify arbitrary values in the adaptation elements; on the contrary, these values must be coherent. In order to facilitate the correct specification of adaptable workflows, HAM provides a method for the correct specification of adaptable workflows following the next steps: 1) Indicate which activities are mandatory in any hierarchical adaptation in the Mandatory Activities relationship. The initial and the final activity of the process, at least, must be included in this relationship. 2) Set the adaptability requirements related to the location dependencies of the activities by following these steps: a) For each activity specified in OntoWF, starting with the initial activity and following every possible path until the final activities, indicate if the activities located immediately after the activity must be always the same setting Rigid After as true. It is not possible to set Rigid After as true, if this activity has been already included in the Mandatory Activities relationship but no one of the activities located immediately after has been included in this relationship. b) For each activity specified in OntoWF, starting with the final activities and following every possible path until the initial activity, indicate if the activities located immediately before of the analyzed activity must be always the same setting Rigid Before as true. If any activity located at the beginning of a fork has Rigid After as true, then the activity located at the end of the fork must have Rigid Before as true. Moreover, it is not possible to set Rigid Before as true, if this activity has been already included in the Mandatory Activities relationship but no one of the activities located immediately before has been included in this relationship. c) For each activity specified in OntoWF, starting with the initial activity and following every possible path until the final activities, add to the Required After relationship those activities located after of this activity that, at least, must be located after in any possible adapted workflow. If the activity has been already included in the Mandatory Activities relationship, it is not possible to add activities not included in such relationship to the Required After relationship of such activity. d) For each activity specified in OntoWF, starting with the final activities and following every possible path until the initial activity, add to the Required Before relationship those activities located before of the activity that, at least, must be located before in any possible adapted workflow. If the activity has been already included in the Mandatory Activities relationship, it is not possible to add activities not included in such relationship to the Required Before relationship of the activity. 3) Finally, it is necessary to set the rest of adaptability restrictions, if any, starting with the initial activity and following every possible path until the final activities, the next actions should be performed for every activity: a) Set Rigid Participants as true when it is not allowed modifying, in any possible adaptation, the participants that can perform the activity. If the activity has been already included in the Mandatory Activities relationship, then every participant must be included in the Mandatory Participants relationship (if they were not previously). b) Indicate which participants must be available to perform the activity, in any possible adaptation, in the Required Participants relationship.
OntoMetaWorkflow states that in a correct workflow every activity should have at least one participant. So at least one participant must be always in the Workflow Participant relationship. Furthermore, if the activity has been already included in the Mandatory Activities relationship, then every one of the participants in the Required Participants relationship must be included in the Mandatory Participants relationship (if they were not previously). c) Set Rigid Updatable Data to true when it is not allowed modifying, in any possible adaptation, the domain data that a participant can select and the process properties that a participant can manage in the activity. If the activity has been already included in the Mandatory Activities relationship, then its domain data and process properties must be included in the Mandatory Data relationship (if they were not previously). d) Indicate which domain data must be available, in any possible adaptation, in the Required Updatable Data relationship. OntoMetaWorkflow states that in a correct workflow every activity should have at least one set of domain data or properties. So at least one set of data or properties must be always in the Workflow Participant relationship. Furthermore, if the activity has been already included in the Mandatory Activities relationship, then all its domain data and process properties in the Required Updatable Data relationship must be included in the Mandatory Data relationship (if they were not previously). e) Set Rigid Viewable Data as true when it is not allowed modifying, in any possible adaptation, the domain data and the process properties that a participant can view in the activity. But it should be noted that, before setting this attribute to true, it is mandatory that all its domain data and process properties are included in the Required it is not allowed increasing, in any possible adaptation, the number of days before beginning the activity. The result of applying this method must be a workflow correctly specified using OntoMetaWorkflow that must also be an adaptable workflow. Moreover, although the adaptation elements are used only in the OntoWF ontology, they also involve the OntoDD ontology. Firstly, it is mandatory that the participants included in the Mandatory Participants relationship must be in the OntoDD ontology of the adapted workflow. Secondly, it is also mandatory that the domain data included in the Mandatory Data relationship must be in the OntoDD ontology of the adapted workflow.
C. THIRD STAGE: ADAPTATION
For this stage, in first place the HAM establishes the formal definition of an adapted workflow. So, an adapted workflow will be a workflow correctly specified by OntoMetaWorkflow that satisfies a set of implicit and explicit adaptation restrictions with respect to a given adaptable workflow.
Implicit restrictions do not depend on the adaptation elements. These restrictions are:
1) The time frame available to finish an adapted workflow must be limited by the Process Max Time attribute of the adaptable workflow. 2) The relative order for every pair of activities included on the adaptable workflow and appearing in the adapted workflow must be unaltered. If one of them is located before the other one in the adaptable workflow then it must be also located before the other one in the adapted workflow. Explicit restrictions are related to the values set in the adaptation elements of the adaptable workflow. These restrictions are:
1) Every activity included in the Mandatory Activities relationship of the adaptable workflow must be in the adapted workflow. 2) Every participant included in the Mandatory Participants relationship of the adaptable workflow must be in the adapted workflow. In summary, a workflow will be a hierarchically adapted workflow from an adaptable workflow if:
• It is a workflow correctly specified using OntoMetaWorkflow.
• All the mandatory activities, participants, domain data and process properties of the adaptable workflow are in the adapted workflow.
• All the activities, mandatory or not, included in the adapted workflow, satisfy the restrictions established in their Rigid and Required attributes In order to build correctly adapted workflows from an adaptable workflow, HAM provides 20 hierarchical adaptation operations, shown in Table 2 . These operations use the basic modification operations of the first stage but adding a set of restrictions that depend on the values of the adaptation elements of the adaptable workflow. For instance, if a financial institution wants to adapt correctly the generic workflow of the loan processes regulated by the central bank to its own characteristics, these are the operations to apply.
D. FOURTH STAGE: PROPAGATION
For this last stage, the HAM provides 60 hierarchical propagation operations, shown in Table 3 . They allow propagating the changes performed on an adaptable workflow to all its adapted workflows. These operations are composed of two kinds of actions: (1) the actions to change adequately the adaptable workflow; and (2) the actions to propagate correctly the changes to the adapted workflows.
These operations guarantee that the adaptable workflow and its adapted versions will be correct outcomes of their application. Following with the banking example, these operations would serve, firstly, to change the generic adaptable workflow when the Central Bank changes the regulations of loan processes and, secondly, to propagate these changes to the adapted workflows of the different banks.
These operations make use of the basic modification operations of the first stage and the adaptation operations of the third stage.
IV. SOFTWARE TOOLS
In order to suppport HAM application, two software tools 2 have been implemented:
• WEAPON Manager (Fig. 7) , a generic web application managing the administrative workflows represented in the OntoWF and OntoDD ontologies by means of web forms.
• WEAPON Designer (Fig. 8 ) allows workflow designers to represent, in a graphical way, the activities of an administrative workflow and their order of execution. Moreover, relationships among activities, users and data can be defined in OntoDD, according to the properties specified in OntoMetaWorkflow. Furthermore, workflow serialization is provided by saving it as an OntoWF ontology in an OWL file.
Runneson and Höst [11] indicate that, in a case study context, a questionnaire could be used as research instrument to collect the relevant data from the subjects related with the domain. Following their guidelines, a group of software engineers was selected to apply HAM to a case study and to answer a questionnaire about its applicability. Concretely, fifty software engineers with academic and professional experience in workflows and business processes were selected. However, only thirty two accepted to apply HAM and answered the questionnaire. In this case study, the software engineers had to take the role of the responsible of administrative processes of a faculty belonging to a higher education institution. Concretely, they had to use HAM to solve a particular case of the Hierarchical Adaptation Problem in the School of Technology of the University of Extremadura in Spain (the specific details of this case study are shown in the Appendix together with the ideal solution to the case using HAM). After solving the case using HAM, they have to answer a questionnaire composed of the next questions:
1) Indicate if the ontology OntoMetaWorkflow allows specifying all the possibilities of an administrative workflow.
2) Indicate if OntoDD and OntoWF ontologies are a right way to specify the activities, their order of execution, which users could perform each activity and which properties of the workflow and which domain data can be shown or modified in an activity. 3) Indicate if HAM contains all the operations needed to modify the specification of an administrative workflow. 4) Indicate if HAM contains all the operations needed to adapt the specification of an administrative workflow. 5) Indicate if HAM contains all the operations needed to propagate the changes from a generic administrative workflow to the adapted administrative workflows. 6) Indicate if it was easy to follow and apply the actions of the operations used in the case study. 7) Indicate if you consider that the operations can support every possible situation. 8) Indicate if the descriptions of the methods and operations provided by HAM are enough to develop software tools that support the Method. The results of the statistical analysis made from the answers is shown in Table 4 After analysing these results and the comments received, we can say that the main advantages of the Method are:
• The division of the workflow specification in OntoDD and OntoWF ontologies facilitates the reuse of the different parts of the workflow and its modification and adaptation.
• The list of available operations seems complete to support every possibility in the modification and adaptation of workflows and, especially, the propagations of changes among workflows.
• It is not difficult to decide which operation is necessary to apply in each case.
• The Hierarchical Adaptation Method can be especially useful for public administrations and big companies in which administrative processes must be used at their different hierarchical levels Regarding disadvantages, the main ones are:
• OntoMetaWorkflow ontology contains specification elements that are difficult to differentiate without a deep knowledge of their meanings.
• Some operations may not be easy to apply without the support of a software tool. As a main conclusion, the analysis of the result also allow us to consider that the Hierarchical Adaptation Method is complete enough because the experts consider that all the possibilities of modification and adaptation of the various elements are supported by the different operations provided by the Method and, therefore, it can be used to deal with the Hierarchical Adaptation Problem. 
VI. RELATED WORK
The Hierarchical Adaptation Problem of administrative workflows seems to be related to: (1) approaches from the workflow inheritance and specialization research field, and (2) approaches related to design-time process variability management. A summary of the literature review performed in both fields is presented next.
Wyner and Lee [12] and Lee and Wyner [13] proposed one of the first approaches to workflow specialization that is called Maximal Execution Set Semantics. Basically, they propose to define a generic process as an abstract process containing all the different possible variations of a workflow. Then, every workflow adaptation can be conceived as a specialization of such process. From a practical point of view, this approach cannot be applied to deal with the HAP, mainly because that implies to know every possible adaptation scenario beforehand. This same problem occurs with approaches as Configurable Integrated Event-driven VOLUME 7, 2019 Process Chains (C-iEPCs) [14] - [16] and the Configurable Workflows [17] - [19] . Although both of them share some ideas with the HAP solution method (HAM) such as the possibility of setting some elements as mandatories, they only allow to restrict a process but not to extend it.
One of the most well-known approaches has been proposed by van der Aalst and Basten [20] , [21] and van der Aalst [22] , [23] : Workflow Inheritance approach. It is focused on the migration of running instances of a modified workflow. A workflow is considered a specialization if a new activity is added to the original workflow and its behavior remains unaltered when such activity is hidden or blocked. This approach is then focused in runtime, while the HAP should be resolved on definition time.
Wyner and Lee [24] also propose an interesting extension of the Workflow Inheritance approach called Workflow Process Class Definition that better suited to deal with HAP. The authors introduce the concept of ''frozen'' elements that constrains possible extensions of the original workflow. HAM extends that concept in the sense that different restriction levels can be established during original workflow design. The HAM provides the engineer with the necessary features (1) to set the required activities, data and participants in any possible adaptation of the original workflow; (2) to indicate the original workflow characteristics that should remain unaltered in any possible adaptation; and (3) to indicate the original workflow characteristics that should appear in any possible adaptation but open to modification. As Gottschalk et al. [18] points out, the main issue to apply those ideas is the limited expressiveness of traditional workflow specification languages, as WFnet or YAWL [25] . That is the rationale that explains why HAM uses ontologies, instead of workflow languages, to represent administrative processes.
Schrefl and Stumptner [26] , inspired by the concept of object life-cycle, define Behavior-Consistent Specialization of Object Life Cycles, a specialization by means of the concepts of subnet, observation consistency and invocation consistency. The main objective of that approach is to keep the substitutability of the workflows, i.e. the original workflow may be seamlessly substituted by the adapted workflow and vice versa. That property, though interesting, is not always a main concern on the definition of administrative processes. Such kind of processes is often adapted to change the type of data required (or produced) or to change the type of their participants. And those adaptations may derive on not interchangeable workflows.
Bernstein and Grosof [27] and Ferndriger et al. [28] use the concept of non-monotonic inheritance as the base for their approach of process specialization. The concept of non-monotonic inheritance has also been considered in HAM, although somewhat limited by the adaptation restrictions defined for every workflow.
Hallerbach et al. [29] - [32] propose the Provop approach for modeling and managing process variants. This approach allows specializing processes by applying change operations in some parts of the processes, called adjustment points, set by the designer of the processes. The main differences with respect to HAM are that the adjustment points of Provop can only be defines on the control flow and, even more important, that the base model is not required to be correct and so, the correctness of the specialized model cannot be guaranteed.
Choppy et al. [33] define a process specialization according to its activities and the partial order they define to specify a concrete runtime path, called a process run. Their concept of partial order has also been used in HAM. The generic workflow designer can indicate which activities should precede (or succeed) a concrete activity.
Yongchareon et al. [34] have proposed a framework for Behavior-Consistent Specialization of Artifact-Centric Business Processes. The aim of this framework is the modeling and validating of the changes of inter-organizational business processes. Among other contributions, they develop a verification mechanism for artifact-centric processes that allows organizations to change their local processes, through the use of private views, while preserving the correctness and consistency of the behavior of the overall collaboration. To do this, they propose three change operators and establish conditions that must be satisfied after their application. This idea is similar to the concept of adaptation proposed in HAM and the twenty operations provided to achieve it correctly.
Recently, although not very close to our work, two papers can be mentioned: Käfer and Harth [35] propose to use workflows to specify applications, and thus defined a workflow ontology and operational semantics. They aligned their approach to the basic workflow patterns, reported on an application in Virtual Reality, and evaluated using a synthetic benchmark in an Internet of Things scenario. Wang et al. [36] present an ontology for capturing, representing, and documenting the knowledge related to hierarchical decision workflows in the meta-design of complex engineered systems. Their ontology is developed in the context of decision support problem technique, considering the requirements being able to guide assistance in designing design workflows, and integrating problem, product, and process information in a design decision-making process. Then, the approach for building procedure of process templates is presented to facilitate the reuse of the populated template instances in future design.
In conclusion, to the best of our knowledge, none of the reviewed approaches may be suitable to solve the Hierarchical Adaptation Problem. Some of them are just focused on behavioral aspects and they are not concerned about data and participant adaptation issues. Most of them specified a set of predefined adaptation rules so the designer has not the possibility to define a customized specialization based on the concrete domain of the process. And, finally, none of them specify how to keep in sync the different adapted workflows with the original (generic) workflow when changes are introduced into the generic workflow by means of propagation operations.
VII. CONCLUSIONS
The Hierarchical Adaptation Method has been presented in this paper to solve the Hierarchical Adaptation Problem. This problem arises in institutions whose processes are often defined by a higher level entity: regional or national governments, executive enterprise levels, etc. It happens when it is necessary to adapt administrative workflows from the higher levels of the organizations to the particular conditions of the lower levels where they will be applied, while satisfying the restrictions established in the higher levels. Additionally, the coevolution of the original workflow and all its different adapted versions should be taken into account.
As a result of the study of the literature, it can be argued that, as far as we know, this problem has been mainly addressed using the experience and intuition of the engineers responsible for solving them without the support of any formal systematic method. The Hierarchical Adaptation Method has been specifically proposed to cover that necessity.
This method tries to leverage the use of ontologies in the specification of workflows by means of the OntoMetaWorkflow ontology. A novel specification of the adaptation restrictions for an administrative workflow is proposed. Moreover, not only these restrictions involve the activities of the workflow and their order, but also the participants in charge of carrying out them and the data needed to do it. A collection of adaptation operations is also defined in order to help the engineers with the development of the adaptations according to the restrictions defined. Furthermore, this method also provides the operations needed to propagate every possible change from generic workflows to all its adapted versions.
It is important to note that, using this method, the restrictions that must be satisfied by a generic workflow and its adapted versions will be determined by the law or regulation that rules the process, and not by a previous rigid specifications of adaptations not taking into account the particular characteristics of every process. Thus, the Method solves the Hierarchical Adaptation Problem providing a flexible adaptation method.
Two software tools have also been presented. These tools have been implemented in order to validate the approach in real scenarios; WEAPON Designer, which allows workflow designers to specify graphically an administrative workflow in OntoDD and OntoWF ontologies using OntoMetaWorkflow, and WEAPON Manager, a generic web application that manages the administrative workflows represented in the OntoWF and OntoDD ontologies by means of web forms. So far, these tools were applied on simulated scenarios of health and universities. Currently, they are being used in some colleges at the University of Extremadura with processes similar to the one presented in the case study section. So, as main line of future work, their integration on similar environments is planned.
APPENDIX CASE STUDY
The following is a summary of a case study of the HAM developed within a higher education institution. The purpose of presenting this case study is to prove the applicability and completeness of the HAM to solve all the stages of the Hierarchical Adaptation Problem. Concretely, in this case, the complaint process from the students to their faculties has been under study. This process is regulated generically by the Complaints and Suggestions Policy and could be adapted for every faculty. A particular faculty has been selected as a case of adaptation to carry on the case study. Furthermore, the consequences of a possible change in the Complaints and Suggestions Policy are also presented.
After analyzing the Policy, these are the requirements of the complaint process:
1) The maximum legal period to solve a complaint will be 20 days. Make a Complaint activity must always be performed immediately before this activity. Moreover, it will be the only activity performed before. Make Allegations activity must always be performed after this activity, although it is not necessary immediately after it. The maximum number of days available to do this activity will be 3 and the minimum number of days before starting the activity will be 0. If the activity is unfinished one day before its deadline, a notification must be sent to the Faculty Ombudsperson. c) File the Complaint. Not mandatory. Performed by a member of the Faculty Student Council. It is located after Make a Complaint and it is made only if the Faculty Student chooses this way. It will always show Complaint Type, student id and complaint description. The student council report property will always be the unique one available to fill in. Make a Complaint activity must always be performed immediately before this activity. Moreover, it will be the unique activity performed before. Make Allegations activity must always be performed after this activity, although it is not necessary immediately after it.
The maximum number of days available to do this activity will be 5 and the minimum number of days before starting the activity will be 0. If the activity is unfinished two days before its deadline, a notification must be sent to the Faculty Student Council. d) Make Allegations. Mandatory. Performed only by a member of the Faculty Dean Office. It will always show Complaint Type, student id and complaint description. Also ombudsperson report or student council report will be shown if one of them is filled. The allegations property will always be the unique one available to fill in. Make a Complaint activity must always be performed before this activity, although it is not necessary immediately before it. Issue Resolution activity must always be performed after this activity, although it is not necessary immediately after it. The maximum number of days available to do this activity will be 7 and the minimum number of days before starting the activity will be 0. If the activity is unfinished three days before its deadline, a notification must be sent to the Faculty Dean Office. e) Issue Resolution. Final Activity. Mandatory. Performed only by the Faculty Quality Manager. It will always show Complaint Type, student id, complaint description and allegations. Also ombudsperson report or student council report will be shown if one of them is filled. The resolution property will always be the unique one available to fill in. Make Allegations activity must always be performed before this activity, although it is not necessary immediately before it. The maximum number of days available to do this activity will be 8 and the minimum number of days before starting the activity will be 1. If the activity is unfinished four days before its deadline, a notification must be sent to the Faculty Dean Office.
A. FIRST STAGE: SPECIFICATION OF THE GENERIC WORKFLOW
A BPMN diagram with the activities of the process is shown in Fig. 9 . for illustration purposes. Moreover, the diagram also shows the domain data and the process properties used in every activity and the restrictions related to the days available. The specification of the workflow of this process in the ontologies OntoDD and OntoWF, concretely, ''OntoDD Faculty Student Complaints'' and ''OntoWF Faculty Student Complaints'', is shown in Fig. 10 , with the exception of the detailed characteristics of every activity that are shown in Table 5 .
B. SECOND STAGE: SPECIFICATION OF ADAPTATION RESTRICTIONS
After analyzing the requirements of the process, the adaptation restrictions obtained are shown in the BPMN diagram of the Fig. 11 for illustration purposes. Concretely, the Complaints'' with these adaptation restrictions is shown in Fig. 12 , with the exception of the detailed adaptation restrictions of every activity that are shown in Table 6 .
In both cases, the mandatory elements are in bold. 
C. THIRD STAGE: ADAPTATION
To illustrate what can happen at this stage, the adaptation of the complaint workflow made by the selected faculty is presented next.
Concretely, they wanted to do two important adaptations:
1) The complaints only could be presented through the Faculty Ombudsperson because they have not 2 The ombudsperson report property would also be shown. The allegations response property will always be the only one available to fill in. Make Allegations activity must always be performed immediately before this activity. Moreover, it will be the only activity performed before. Issue Resolution activity must always be performed after this activity, although it is not necessary immediately after it. The maximum number of days available to do this activity will be 2 and the minimum number of days before starting the activity will be 0. If the activity is unfinished one day before its deadline, a notification must be sent to the Faculty Ombudsperson. A BPMN diagram with the adapted process is shown in Fig. 13 for illustration purposes. The new activity and the new property are shown underlined. It is possible to visually verify that all the adaptation restrictions were satisfied.
The detailed actions carried out to adapt the generic workflow to the selected faculty context were:
1) Fig. 14 for illustration purposes, with the exception of the characteristics of the activities and their adaptation restrictions that are shown in Table 7 and Table 8 , respectively.
D. FOURTH STAGE: PROPAGATION
In order to have a complete view of the HAM, a fictitious scenario where the institution would modify in the future its generic complaint process is presented below. Concretely, the change would be that after the Make Allegations activity, Issue Resolution activity would be the only activity to be performed.
This change would imply that it would be necessary to apply the Propagation 35. Set Rigid After of Activity as True operation to Make Allegations activity.
The result of applying this propagation operation in the adaptable workflow would imply that its BPMN diagram would be the one shown in Fig. 15 with the change underlined. Due to this is a simple change in the ontologies of the adaptable workflow, their content is not shown again.
However, due to the result of applying this propagation operation in the adapted workflow would imply significant changes, the specification in ontologies of the adapted workflow is shown in Fig. 16 , with the exception of the characteristics of the activities and their adaptation restrictions that are shown in Table 9 and Table 10 , respectively.
Furthermore, a BPMN diagram with the adapted process after the propagation of the change is shown in Fig. 17 .
The details of the actions made with this operation are shown next:
On one hand, the actions in the 
